MAR. 24. 2003 4:42PM BST&Z - CM 



NO. 6783 P. 8 



Our Docket No.: 42390P7149 

IN THE UNFTED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: n 

N 12 *''**'- I Examiner: D.Tran 

Application No.: 09/420,887 l M Qroup . ai8e 

Filed: October 19, 1989 I 

For: Method and Apparatus for 

Supporting SDRAM Memory on 
a Memory Channel 



DECLARATION OF PRIOR INVENTION TO OVERCOME 
CTTED PATENT OR PUBUCAt1o!J(37 wSSBSf 

Commissioner for Patents 
Washington, DC 20231-9999 

Sir 

Purpose of Declaration 

This declaration Is to establish completion of the invention of this application 
in the United States at a date prior to February 28, 1999, that is the effective date of 
the prior art patent publication that was cited by the Examiner. 

The person making this declaration is Puthiya K. Ntor, one of the two joint 
inventors. The second joint inventor. Khong S. Rk>, is currently in Penag. 
Malayasia, and was not available to make this declaration in a timely manner. 

Facts and Documentary Evidence 

To establish the date of actual reduction to practice of the invention of this 
application, an Intel Invention Disclosure Document is submitted as evidence. From 

42390P7149 

WW3/JAH/phs " 1 " InreNizar.etaL 

09/420,887 
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this document it can be seen that the invention of this application was actually 
reduced to practice at least by a date that is prior to February 26, 1999, that is the 
effective date of the reference. 

Time of Presentation of the Declaration 

This declaration is submitted prior to final rejection. 

Declaration 

As a person signing below: 

I hereby declare that all statements made herein of my own knowledge are 
true and that the statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under section 1001 of Title 1 8 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 

Inventor: 

Puthiya K. Nizar p. 
Inventor's signature: _ 

Date: Marofta*, gpp3 Country of Citizenship: United States 

Residence: United States 

Post Office Address: 3101 Lennox nrtu« 



El Dorado Hills. CA Q*7«p> 
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LEGAL ID# 



INTEL INVENTION DISCLOSURE 

iceuhrfe and i 



DATE: 




INTEL CQHPlPPKfTlA, I 



eVafcTvw^ information on this form. The Information will oe used to 

evaluate your invention for possible filing as a patent application. When completed, olease raturn thi« 
form to the Legal Department at JFM47. If you have any%uestiona, pleas™al. ■ &$£ " 



1. Inventor: 



-Nilar 



Lost Name 

S8# 504-80-4361 WWlD_ 

Home Address: 1762 Darwin Way.. 



.Puthiya. 



Citizenship: U.S.A. 



First Name Middle Initial 

.10047828. Phone 91 $-356-0736 M/S: FM$«81 

City . J Dorado HilJs^ Stata _CA_ Zip .85762 _ 

BUM Presenter: Avtar Sainl 



. Division Name PCD_ 



Group; (e.g. TOG, ICG, CEG) CEG 

Supervisor'_Mlehael G Latondre WWID I002178ai_ Phone _356*31B. 



Subdivision . 

WS: FMfr-81. 



Inventor: 



_F©o_ 



Last Name 
_ WWID 10003049 



.KhongL 



Phone _81 *35«127_ 



First Name 



^8 



M/S: 



Middle Initial 
JM*01 



, State _CA Zip 95630. 



, Subdivision 



SS* £04-01-2517 

Home Address: .2400 Natoma Stn Dr M #118l City _Foleem 

Citizenship: Malaysia 9U M Presenter: _Avtar Saint. 

Group: (a.g. TMG, ICQ. CEG) CEO 01 vis I on Name PCD [ 

Supervisor • 8. K. Fong WWID .1000281$ Phone _91 W5*6011_ Mfe jmm 

(PROVIDE SAME INFORMATION AS ABOVE FOR EACH ADDITIONAL INVENTOR) 

2- Title of Invention* AiDfifihsnlSm for suoporttno BDPam msmorv on ai rbus ChenneL 

3. What tachnology/product/proceas (code name) does It relate to: Camfm, Cermel MftHs. MTU. «„m^ 

4. Stage of development (I.e. % complete) CamfnoTO wvwag, CarmeJ To wu*i 

5. (a) Has a description of your Invention been, or will It shortly be, published outside Intel: 



NO: X YES: 



DATE WAS OR WILL BE PUBLISHED; 



,r TES ' w « the manuscript submitted for pre-publication approval? YES: 



(b) Has your Invention bean used/aold or planned to be uaed/aold by Intel or others? 
NO: — Els — YES; DATE WAS OR WILL EE SOLD: 




<c) wiiiizxi™ to tcchnorogy that ifl ° r wm * oov ™"y • •» <«p«'°' tf^Ss^ 



NO!^No_YES: 



Name of SIG/Stendard/6peelficatlon: _ 



!S !!!!!! !S!!° n !* a •J™' 1 *"*""'" "•vice, actual or anticipated date of taooout? 
(ej If the Invention is software, actual or anticipated date of any beta teete. " 




s. was the Invention conceived or constructed In collaboration with anyone other than an Intel hi..* h,H„. 



NO: 



VESi 



Name of Individual or entity: 



PLEASE READ AND FOLLOW THE DIRECTIONS ON THE ATTACHED 
PAGE ON HOW TO WRITE A DESCRIPTION OF YOUR 7nv7ntTSn 
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INTEL CONFfrlEMTtft. 




1. Describe in detail how the invention works. 

2. Describe advantage(s) of your Invention over what is done now. 

3. Include at least one figure illustrating the invention. If the invention 
relates to software, include a flowchart or pseudo-code representation 
of the algorithm. 

4. Value of your invention to Intel (how will it be used?). 

5. Identify the closest or most pertinent prior art that you are aware of. 

6. Who is likely to want to use this invention or Infringe the patent if one 
is obtained and how would Infringement be detected? 
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A mechanism for supporting SDRAM memory on Rambus memory chann el?" 1 C ° WflPP ' fTW l 
Abstract: j 

.,gn.ls on the R™b u , ctanns are used lor sending SDRAM .p^ScTrTiS Sm Se^nT'^nSS SifSfS 



General Purpose of Invention: 

?a^us% n htnn a il° W8 ,0 SUPP ° rt ^ di ' ,ere^, l"*"**" < R °"™ and SDRAM) using a same physical 

Advantage of Invention over what Is done now: 

fiC£ e . R J arribus is new technology there Is no prior art. This invention allows us to build cost effective *n« K,„h ^m*.^^ 
SDRAM memory subsystem using high performance Rambus physical ctanne! 9 performance 



Essential Elements of Invention: 



The Figure 1 below shows how SDRAM memory array is supported on a Rambus channel tw uei™ utu „ n. ! 




SDRAM Row 



6 



6 6 6^-6 



SDRAM ChtftnoJ #5 



SDRAM Channel #4 



SOftAMa 



SDRAM Channof «3 



6 6 6—6 



SDRAM Chann* W 



Hota; Bom Rambus and SDRAM Otf*as 
nead termination. Not $bown hem 



6 6 6 — 6 



SDRAM CttAVmJ #0 



MCH with SDRAM Memory Subsystem 



Figure 1 



Operation Overview 
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from the SDRAMs and then converts it to aoDrooriate data r»ck*te to ^ «^ INTEL COHF|QENT]AL 

of the CAS Latency (CL) for the SDRAMs StSSOU 

command (implied or explicit) from the MCH. 8DRAM upon «ef¥ing « 

irot MCH CtoeS ^ ^ C ?" Bon and T"*"*™ Oration of the Rambus channei upon receiving the commands 

KrCp^bXto5^^ and con,ro, ■ """" regi8,efS are accessed throu9h 8 ,hree ■ W CM0S 

A block diagram of internal logic blocks in MTH is shown below. 



CFM 
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H 
A 
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L 



RRQ 



DQA. DQ8 
► 
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CMD 




DLL 



Rambus 
Channel 
RAC 



DLL 



MCP Decode 
* SDRAM 
cmdgcn 



Write buffer 
4 wr retire 
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Read data buffer. 

P&cketizer 

& clock crowing 

logic 



Rambus 
Channel 
CMQSitf 



ConfigA 

Control 

Regs 



SDRAM 
VFDra 
ARcvn 



MA 



BA 



MD 



RAS#. CAS*. W£ff 



C5#,CKE 



DQM/MECC 



SCLK 



$K>| 



f*TK_RST# 



Figure 2: MTH Internal Blocks 
Protocol Overview 

Packets (MCP) from MCH to MTH * nal8 - Tha Requ9st Gmnl si <> nals carf y 106 M«~7 Control 



MCP Packet Format: 
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Encoding of ST and SF: 



SI 


SF 




0 


0 


No Framing 


0 


1 


Frame an Activate Command 


1 


0 


Frame a Read/Write Command 


i 


1 


Frame an Extended Command 



M the ST, SF is 0, 1 then the MCP packet specifies an Activate Command. The packet is: 
MCP for Activate Command 





Cycle 0 


Cycle 1 


RQ7 


ST = 0 


X 


R[6J 


X 


R06 


SF = 1 


R[12) 


R[4] 


X 


RQ5 


r 


R[11J 


m 


X 


RQ4 


D[3J 


RI10] 


R[2] 


B[0) 


RQ3 


0|2) 


R{9] 


R[1] 


B[1] 


RQ2 


D[1] 


RI8J 


Rroj 


OBM[3] 


RQ1 


O[0] 


HP1 


r 


OBM[2] 


RQO 

u _ *i 11 _ 


r 


RI6J 


r 


X 



r = reserved. MCH must drive logic 0 
D[3:0] * Specifies the targeted SDRAM row. 
B[1 :0] = Specifies the SDRAM bank address 
R[12;0] » Specifies the SDRAM Row address 

Device BH Maek 

It always TRUE, Le. when DBM[3] = l/foevalue of Df^ afwavs matches ^^^2mli ^' co ^ es Poni£ng device bit 
programming of the MTH ID MASK and wfc bite DkS MtSSSHSSTL £ ""J^ 71 ? ™ ,*£ buB "^'e** of the 
1, the value of D[21 always matehVa Inlii mtw« ™ Wi, Jf se '** ^ ***** channel, Similarly, when DBMBJ = 
bits 0[3, 1 fof are 1 usedT seS the ai^hanne? tSSSS^ST^"^ * ^ lS ar * "V 
cha 3 e and active commands.SK 

K^^^ as a sing*, brg9 , pa B , The 



IftheST.SFfcl.O then the MCP packet specifies a Read or Write command. The packet is- 
MCP for Read/Write Command 



Cycle 0 



Cycle 1 



] 
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RQ7 


ST=1 


X 


qsj 


X 


RQ6 


SF«*0 


X 


CI4) 


X 


RQ5 


R/W 


C[10J 


C[3] 


X 


RQ4 


D[3] 


AP 


Cf2J 


B[OJ 


RQ3 


D[2] 


C[9J - 


ciu 


B{1] 


RQ2 


D[1J 


C[8J 


cioj 


r 


RQ1 


D[OJ 


C[7] 


r 


r 


RQO 


r 


crei 


r 


X 
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x = don't care 
r => reserved. MCH must drive logic 0 

D[3:0] = Specifies the targeted SDRAM row. 
B[1 :0] = Specifies the SDRAM bank address 
C{10:0} = Specifies the SDRAM Column address 

R/W = Specifies whether packet is for Read or Write. R/W = 0 = Read, R/W= 1 = Write 
AP - Auto pre-charge AP = 0 = no auto pre-charge, AP = 1 = Auto pte-chan3e enabled 



If the ST ( SF is 1 , 1 then the MCP packet specifies an Extended command. The packet is 





Cycle 0 


Cycle 1 


RQ7 


ST = 1 


OP[8]/MA[7] 


OP[5]/MB[7J 


OP[2] 


RQ6 


SF = 1 


OP{7]/MA(6] 


OP[4]/MB[6] 


OP[1] 


RQ5 


MASK 


OP[6]/MA[5] 


OP[3]/MB[5] 


OP[OJ 


RQ4 


D13J 


MA[4] 


MB[4) 


B[0] 


RQ3 


D[2] 


MA[3] 


MB[3J 


8f1] 


RQ2 


D[1] 


MA[2] 




r 


RQ1 


D[0] 


MA[1] 


MB[1J 


r 


RQO 


BRD 


MA[0] 


MB{0] 


X 



r = reserved. MCH must drive logic 0 



List of extended commands: 

Nop 

Retire w/ Mask 
Pre-charge 

Current Caiibrate and Sample 
Temperature Calibrate 
Refresh 
^Self Refresh Entry 
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Self Refresh Exit 
Power-down Entry 
Power-down Exit 
Clock Stop 

MCP for Retire w/ Mask 



INTEL CONFIDENTIAL j 





Cycle 0 


Cycle 1 


RQ7 


ST= 1 


MA(7] 


MB[7) 


X 


RQS 


3F»1 


MA[6) 


MB(6] 


X 


RQ5 


MASK = 1 


MA[5] 


MB(5] 


X 


RQ4 


D(3] 


MA[4] 


MB(4] 


X 


RQ3 


D[2] 


MA[3j 


MB[3] 


X 


RQ2 


D[1] 


MA[2] 


MB[2] 


r 


RQ1 


DtO) 


MA[1] 


MB[1} 


r 


RQO 


0 


mo) 


MB[0] 


X 



x - don't care 
r = reserved. MCH must drive logic Q 

D[3:0] * Specifies the targeted SDRAM row. 

MA{7:0] = Byte Masks for DQA bus (DQA is Rambus 8 bit data bus) 

MB[7:0] = Byte Masks for DOB bus (DQB is Rambus 8 bit data bus). 

MASK = Mask Field Valid, MASK = 1= MA[7:0J and MB7:0] specifies the mask field to be used when retiring the 
accompanying data 

MCP for Extended Commands for P re-charge 





Cycle 0 


Cycle 1 


RQ7 


STsI 


OP[8] 


OP[5) 


OP(2] 


RQ6 


SF = 1 


OP[7] 


OPI4J 


OP(1) 


RQS 


0 


OP[6] 


OP[3J 


OP[0] 


RQ4 


Df3] 


V 


X 


B[0] 


RQ3 


D[2J 


X 


X 


B[1] 


RQ2 


D[1] 


X 


X 


DBM[3] 


RQ1 


D[0] 


X 


X 


DBM[2) 


RQO 


BRD 


X 


X 


X 



r a reserved. MCH must drive logic 0 

D[3:0] = Specifies the targeted SDRAM row. 
B[1 :0] = Specifies the SDRAM bank address 
BRD s Broadcast. 

//sX^lJ^™^" 6 is a broadc * 5t command. All MTHs must execute this command to an of their SDRAM rows. 
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BRD = 0; This command must bo executed by the SDRAM row specified by 0[3:Q], IN TEL COtyFICEWOftr 

charged" 1 ^ p ^ Ch ^ e command is s P ec,fied *» 0p 8-OPO. When V is 1 during pre-charge. all banks are pre- 
DBM[3:2] = Specifies which bit of the SDRAM row ID to mask out during decode in interleaved mode These hit* m,,«f ho 

L^iS^iffiliS: UE and ?•* decod * s , °™ ,o de,em,ine the to dniSS imcp to %^omS ; 

the MTH decodes D[2J as TRlg and only decodes DO, 1 :0J to determine the row to direct the MCP to ' 



MCP ,0f Extended Commands other than Retire w/ Mask and Pre-eharge 





Cycle 0 


Cycle 1 


RQ7 


ST*1 


OP[8] 


OP[SJ 


OP[2J 


RQfi 


SF« t 


OP[7] 


OP[4] 


OP{1] 


RQ5 


0 


OP{6] 


OPI3] 


OP[0) 


RQ4 


D{3] 


r 


X 


B[0] 


RQ3 


D[2J 


X 


X 


«1] 


RQ2 


D(1] 


X 


X 


r 


R01 


D[0J 


X 


X 


r 


RQO 


BRD 


X 


X 


X 



r = reserved. MCH must drive logic 0 

D[3:0] - Specifies the targeted SDRAM row. 
B[1;0] = Specifies the SDRAM bank address 

fhSiYSDRKws. BRD * 1 " ™* command is 8 broa *»« command. Ail MTHs must execute this command to all of 
BRD = 0 = This command must be executed by the SDRAM row specified by D[3:0J. 

OP[7:0] definition: 



OP8 


OP7 


OP6 


OPS 


OP4 


OPS 


OP2 


OP1 


OPO 


Operation 


0 


0 


0 


0 


0 


0 


0 


0 


0 


No Op (No operation to 
be performed by MTH) 


0 


0 


0 


0 


0 


0 


0 


0 


1 


Pre*charge 


0 


0 


0 


0 


0 


0 


0 


1 


0 


Refresh 


0 


0 


0 


0 


0 


0 


1 


0 


0 


Setf Refresh Entry 


0 


0 


0 


0 


0 


1 


0 


0 


0 


Self Refresh Exit 


0 


0 


0 


0 


1 


0 


0 


0 


0 


Power-down Entry 


0 


0 


0 


1 


0 


0 


0 


0 


0 


Power-down Exit 


0 


0 


1 


0 


0 


0 


0 


0 


0 


Clock Stop 


0 


1 


0 


0 


0 


0 


0 


0 


0 


Current Calibrate and 
Sample 


1 

v y S v 


0 


0 


0 


0 


0 


0 


0 


0 


Temperature Calibrate 
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Cycle 0 
- 


Cycle 0 
♦ 


Cycle 1 


Cycle 1 


Cycle 2 


Cvcta 9 


wyGIB d 


wye 16 3 
+ 


RQ7 


1 


0 


0 


0 


0 


0 


0 


0 


RQ6 


1 


0 


0 


0 


0 


0 


0 


0 


RQ5 


0 


o 2 


0 


0 


0 


0 


0 


0 


RQ4 


0 


0 


0 


0 


0 


0 


0 


0 


RQ3 


0 


0 


0 


0 


0 


0 


0 


0 


RQ2 


0 


0 


0 


0 


0 


0 


f 0 


0 


RQ1 


0 


0 


0 


0 


0 


0 


0 


0 


RQO 


1 


0 


0 


0 


0 


• 


0 


0 



Row/Column Addreee mapping to MA [12:0] 



MA 12 




R12 


MA11 




R11/C[10] 


MA10 




R10/AP/V 


MA9 




R9/C9 


MAB 




R8/C8 


MA7 




R7/C7 


MAG 




R6/C6 


MA5 




R5/C5 


MA4 




R4/C4 


MA3 




R3/C3 


MA2 




R2/C2 


MA1 




R1/C1 


MAO 




RO/CO 



SDRAM Command Truth Table 



Function 


SCLK 
n 


SCLK 
n-1 


CKE 

n 


CKE 
n-1 


CS# 


AAS# 


CASf 


WE* 


A11 


A10 


BA[1:0] 


A9- 
AO 


NOP 


R 


R 


H 


X 




H 


H 


H 


X 


X 


X 


X 


Read 


R 


R 


H 


X 




H 


L 


H 


V 


L 


V 


V 


Read with auto- 
precharge 


R 


R 


H 


X 




H 


H 


V 


V 


H 


V 


V 


Write 


R 


R 


H 


X 




H 


I 


I 


V 


L 


V 


V 


Write with auto- 
precharge 


R 


R 


H 


X 




H 


L 


L 


V 


H 


V 


V 


Bank Activate 


R 


R 


H 


X 




L 


H 


H 


V 


V 


V 


V 


Precharge 
selected bank 


R 


R 


H 


X 




L 


H 


L 


V 


L 


V 


X 
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Function 


SCLK 
n 


SCLK 
n-1 


CKE 
n 


CKE 
n-t 


CS# 


RAStf 


CAS# 


WE# 


A11 


AIO 


IDULEb 

BA(1:0] 


» bum 

A9- 
AO 


Precharge all 
banks 


R 


R 


H 


X 


L 


L . 


H ' 


L 


X 


H 


X 


X 


Refresh 


R 


R 


H 


H 


L 


L 




H 


X 


X 


X 


X 


Self Refresh 
Entry 


R 


R - 


H 


L 


L 




i 

L 


n 


X 


X 


X 


X 


Self Refresh 
Exit 


R 


R 


L 


H 


H 




X 


X 


X 


X 


X 


X 


Power-down 
Entry 


R 


R 


H 


L 


LI 

n 


X 


X 


X 


X 


X 


X 


X 


Power-down 
Exit 


R 


R 


L 


H 


H 


X 


X 


X 


X 


X 


X 


X 


Mode Register 
Set 


R 


R 


H 


X 


L 


L 


L 


L 


L 


L 


V 


V 


Clock Stop 


R 


L 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Legend: 















x = Don't care, H = Logic high, L = Logic Low, R = clock running, V =. Valid address 
Current Calibration 

Temperature Calibration 
SDRAM CBR Refresh 

l,o, M ) » the spadfied SDRAM row upon rccMns , Bu'-sl ci5 J^SS^^^^T """V*** 
Self Refresh Entry and Exit 

Power-down Entry and Exit 

The MTH supports Power-down Entry and Exit MCP commands. 

i 

Interleaved Operation I 

The MTH supports both interleaved and non-interleaved mode of operation. 
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disadvantage of imeS^^^ l 6b *« of *"* ,rom M™ to MCH. The 

ISbytes o. IdRAM data bJo^ wS"*!. tStX™Z *" * ^ te ^ ^ ^ ^ ,0 waifs te ' 

. T n^iave ri d eaVed * » 11 Of MTR register. The default operation of MTH is no* 

Non-interleaved Operation 

Registered DIMM support: 

The MTH supports registered DIMMs with CAS latencies of 2 or 3. Bit [91 of the MTR reaister must h» ««» t„ 1 «™n 
the registered DIMM operatton. Also the appropriate tCAC value .miisfbi programmed 9 61 ! ° 1 * e " ab ' 8 

80RAM Command Issue Rules: 

The MTH supports two timing modes for sending commands to SDRAM. These modes are known as m Rule and 2n 
Single Cycle Command Rule 

!hJ h AlT, 0 ^L h9 C0 ^' ^l?' 8, MA> RAS# - and WE # drive" to an SDRAM row in the same clock raci m « 
Two eycle Command Rule 

Write Operation Policy 
The rules for write operation are: 

• sw^r&^r jbr^-- ms ■* mcp ■»*• » -* <'•••• •» ** i. 
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fMTELCONFlPEMTfA,, 

ECC Support 

™I? a 8 n n P ^^> he .K C 5 I 8 ?" 0 by P 888 '" 9 lhe EEC ,r0m th9 Ram "us channel to SDRAM and vice versa The 
MTH does not monitor the data for errors as it passes between the Rambus channel and the SDR^array 

MTH Initialization: *■ 

S a £iIK°MA> T ? is ^l^ 108 by P^srammlng the Initialization opcodes in SICM register of MCM The 
BSSK Z£S! y BI ° S by i88U,n9 Sl ° re8et C ° mmand and ,hen P"*™* the RIC fie?d of ttJe RAC 

SDRAM Initialization 

SrSsss^s s sresss 9 *• *°" re9,s '° , in mth - "* * *« et8ed ^ 

STR Support: 

The MTH supports the STR power management state by maintaining the appropriate states on the SDRAM Mt«H a ™ 
signals. The system puts MTH in STR state by executing the following sequences: 

• issue Self Refresh entry commands to all SDRAM rows 

• Issue Stop Clock command to MTHs. (Upon receiving this command the MTH power downs the MTH RAC 
and then turns off the SDRAM PLL This will turn off the SCLKs going to SDRAM row.) 

• Turn off the system clock generators. 

The Vcc power to MTH must be maintained during STR. The following power sources must be kept alive to MTH during 

• VCC2S — tor MTH core 

• VCC18 — for SCK.CMD,SiO and MTH_SlO interface 

• VCC33 — for SDRAM interface 

During STR exit, the BIOS does the initialization of MTH RAC after the Rambus channel clock is stable The initialization 

start the SD^M^c^te^^LK^ 5*»!??1?S °/ 1 Th ^'° S |S8UW ******* ?£kiito m*7™Z 
start tne sdram clocks (SCLKs). The Self Refresh Exit can be Issues after the MTHs are levelizedT 

8ystem Clocking: 

The MTH receives the differential Rambus clock from the DRCQ dock generator chip in the svstem From this do* the 

^nS?, d0Ck . bl f? r t0 9 enerate addi,l0nal clock soure8S - A input (SCU<FDBK)k provided on MTH to 

connect to an output from the clock buffer for phase alignment. ^ proviaeo on m i h to 

8DRAM Timing Parameters: 

I££J«£r2 2hS£S?u°!- V 006 80 ? AM tlming parameter t0 °* wa,e P»»perly. This timing parameters is CAS 
Latency (CL). All other SDRAM timing parameters are taken care of by MCH. The MTH supports CAS latencies of 2 and 3 



Initialization 

The following steps are performed by BIOS to initialize the memory subsystem after reset. 



• Assign unique serial addresses to an MTH. 
/SJA*. ^/>«/// d /^'/ reftd ' only re 9 iBters ""d process the information 
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• Update the necessary read-write registers. WTEl QONfflpENTlAt 

• Repeat steps 1 to 3 for all MTHs. 

• Levelize the Rambus Channel. 

(For detailed information on MTH initialization refer to BIOS spec for Camino platforms) 

Identify the closest or most pertinent prior art that you are aware of. 

Not aware of this kind of power management for SDRAM memory arrays. 

^$£^^ or ln,r,n9e the patent if - * 

S^ST d ** f Vend0fB TOy UM "* ™ ention ,0 achieve a l0 » «* high performance memo* controller in their 
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